ABSTRACT. The growth effect of sugar supplementation was determined in 49 retarded growth calves. Calves were supplemented with sugar at 1 g/kg BW 2 times weekly for 8 weeks. Glucose tolerance tests prior to the experiment showed no difference between the retarded growth calves and normal growth controls. After sugar supplementation, the calves were classified into 4 groups characterized by high (H) or low (L) periodic changes in daily weight gain (DG) with a breakpoint of 0.8 kg/d in three periods, birth to sugar supplementation (Birth-Pre), the 8 weeks during supplementation (Pre-Post) and after feeding to delivery to market (Post-Market). The periodic DG showed a marked increase after supplementation in Pre-Post and Post-Market compared with before supplementation during BirthPre in 2 groups (0.93 and 1.11 vs. 0.51 kg/day for L-H-H [n=19], 0.66 and 1.19
A variety of studies have been performed on retarded growth calves in respect to endocrinology, i.e., blood profiles of growth hormone (GH), insulin-like growth factor-1 (IGF-1) [2, 3, 6, 8, 15] and thyrotropin [3, 4, 12] , but most of these studies have focused on the pathophysiological aspects, and therefore, the results have been rather difficult to apply directly to field conditions. Recently, nutritional aspects along with an organic physiology have been determined based on production medicine [9] [10] [11] 14] under the concept of a safe table food supply. Calves that seem clinically healthy but exhibit retarded growth become major factors that deteriorate the efficiency and profitability of beef farm enterprises. Such cases are often encountered in clinical practice, even under desirable farm management conditions, and in some ways, inline beef breeding remains another causative factor [12] . The authors have hypothesized that one of the major factors in retarded growth in calves is hypoplasia of rumen papillae in the early growing period. For development of rumen papillae in calves, the propionic acid in volatile fatty acids (VFAs) should be appropriately biosynthesized to stimulate rumen mucosa, in which sucrose is the principle alimentary material in the rumen. An author of this report has previously briefly reported the growth effect of table sugar supplementation in retarded growth calves [7] . The objective of the present study was to determine growth performances and blood profiles in retarded growth calves classified into four groups characterized by the periodic change of daily weight gain (DG) with sugar supplementation.
MATERIALS AND METHODS

Animals:
A total of forty-nine growth-retarded Japanese Black calves (26 females and 23 castrated males; 135.4  45.5 days old, average  s.d.) without major clinical problems that were raised in Nishimorokata-Gun, Miyazaki Prefecture, were used as the subjects for the experiment. These calves showed either retarded growth of less than 70% of the Japanese Feeding Standard for Beef Cattle (2000) [1] or between 70 to 80% of the standard level and at least two clinical signs; the clinical signs included rough coat, ventral descent, inertia, anorexia and chronic diarrhea. To examine insulin secretory function, an intravenous glucose tolerance test (IVGTT) [6] was initially performed for retarded growth calves (n=8, 5 females and 3 castrated males, 115.0  13.4 days old, 68.9  14.8 kg body weight; BW) together with normal growth calves raised at the same farm as positive controls (n=6, 3 females and 3 castrated males, 139.7  40.1 days old, 102.9  20.1 kg BW). In the IVGTT, blood was collected before (0 min) glucose treatment and 5 min, 15 min, 30 min, 60 min and 120 min after glucose treatment (25% Glucose V with Vitamin B1 added, Zenoaq, Tokyo, Japan) at 0.5 g/kg BW, and both the blood glucose half-time clearance and turnover rate were determined.
Sugar supplementation: Commercial 
. At the market in the Nishimorokata District of Miyazaki Prefecture, calf weight was electrically measured, and the entire DG from birth to delivery to market was calculated. The market average during the experimental period for four years and a total of 167 intact retarded growth calves (DG < 0.7 kg/d) were utilized as reference data.
Biochemical and hormonal analysis: Peripheral blood was collected on the day before sugar supplementation (Pre), on the day eight weeks after supplementation (Post) and on the day eight weeks after cease of supplementation (Post-8) to determine the blood profiles. Blood samples were kept in an ice box at the farm site and brought to the laboratory within two hours for analysis of insulin-like growth factor-1 (IGF-1), glucose (Fuji drychem 5500V, Fuji film, Tokyo, Japan) and non-esterified fatty acids (NEFA, 7010 Clinical Analyzer, Hitachi High-Technologies, Tokyo, Japan). After centrifugation, the residue of serum samples was frozen at -20C, and the serum IGF-1 (DSL IGF-1 ELISA, Sceti, Tokyo, Japan) concentration was measured with enzyme immunoassay. The assay coefficients of variance and least detectable value were 15 % and 15 ng/ml for IGF-1, respectively.
Statistical analysis: In order to determine the average DG of weight before the experiment, i.e., Birth-Pre, the Pre weight was deducted from the estimated birth weight for the calves, which was determined by referring to the Wagyu standard [1] and was 28 kg for females and 30 kg for males, and the balance was divided by the respective age (days) before the experiment. Therefore, the DG of Birth-Pre was excepted from statistical analysis, but was still utilized as experimental reference data. In addition, DGs according to calf sex in L-H-L and L-L-L were excluded from the statistics due to insufficient calf numbers. Average DG and IGF-1, glucose and NEFA concentrations were assessed by Bartlett's test for equality of variances and then analyzed by ANOVA. The Student's t-test was conducted to determine the difference in average DG and blood profiles between the 4 calf groups in the 3 growth periods. The blood profile in each group was tabulated irrespective of calf sex, because gender differences were only observed for IGF-1 and NEFA in the L-H-H group. A probability value of less than 0.05 was considered to be significant.
RESULTS
There were no differences in calf age, herd or effect of treatment among the enrolled farms. In the IVGTT before the sugar supplementation trial, there were no differences in half-time (38.9  8.9 min, 43.2  10.3 min; p=0.347) and turnover rate (1.38  0.33%/min, 1.22  0.32%/min; p=0.382) between calves with retarded growth (n=8) and controls with normal growth (n=6). Eight weeks after sugar supplementation, 46 of the 49 calves (93.9%) showed higher DGs during the Pre-Post and Post-Market periods compared with before supplementation (Birth-Pre; 0.78  0.23, 1.10  0.32 vs. 0.46  0.14 kg/d, respectively). Each calf was classified into 1 of the 4 groups characterized by the periodic change of DG (L<0.8 kg/d<H) during Birth-Pre, Pre-Post and Post-Market, respectively, i.e., Table 1 
, in three periods, birth to sugar supplementation (Birth-Pre), the eight weeks during sugar supplementation (Pre-Post) and after supplementation to delivery to market at 9 to 10 months old (Post-Market). Sugar was supplemented to the calves twice a week at 1 g/kg BW for 8 weeks (Pre to Post period) 
DISCUSSION
Although they have no major clinical problems, some calves are dealt at a low price at market because of retarded growth. In general, retarded growth calves may be suffering from saccharometabolic failure [13, 14] ; however, there was no difference in the IVGTT and IGF-1 concentration between retarded growth calves and normal growth calves in the present study. Therefore, there still remains some possibility to recover growth by way of the compensating dietetic treatment in the present retarded growth calves. Taking the above into consideration, we designed a sugar supplementation program in order to develop the rumen papillae in retarded growth calves. As a result, 46/49 (93.9%) retarded growth calves showed growth improvement after sugar supplementation, and DG was maintained at a higher level until delivery to market in 43/49 (87.8%) Table 2 . Blood concentrations of insulin-like growth factor-1 (IGF-1), glucose and non-esterified fatty acid (NEFA) before sugar supplementation (Pre), eight weeks after sugar supplementation (Post) and eight weeks after cease of sugar supplementation (Post-8) in retarded growth calves classified into 4 groups by high (H) or low (L) periodic changes in daily weight gain (DG) with a breakpoint of 0.8 kg/day in 3 periods, Birth-Pre, Pre-Post and Post-Market In addition, DG was related to the blood profiles; therefore, growth performance in retarded growth calves could be estimated by the serum IGF-1 concentration, particularly before sugar supplementation. In a previous study to determine the effects of calcium soap supplementation on growth response in beef calves during the grazing and housing periods, the results showed that the gains in DG and withers height in supplemented calves were significantly higher than in the controls [5] . The dominance of the gains in DG and withers height in the supplemented group was due to the increase in energy intake.
Sucrose is the main component (95.4 to 97.8%) of commercial table sugar, and when it is ingested, it is immediately converted to propionic acid through rumen fermentation. Propionic acid is absorbed directly through the rumen mucosa and conveyed into a role in the Krebs cycle at the liver. However, sugar supplementation at 1 g/kg BW in the present study was not enough to meet the calf nutritional requirement and which was the equivalent of only 5% of NFC demand in growing calves. Therefore, the growth effect derived from sugar supplementation in retarded growth calves would occur by promoting the efficiency of energy conversion of diet through stimulation of rumen mucosa by elevation of the propionic acid concentration; this in turn induces development of rumen papillae and extends the surface of the rumen mucosal area. The increases in the levels of IGF-1 and glucose and decrease in the level of NEFA after sugar supplementation indicated that the retarded growth calves had recovered from chronic starvation. In addition, favorite sugar feeding contributed some restrains from stress and acclimation to the management alterations in retarded growth calves.
Average DG was drastically increased after 8 weeks of sugar supplementation and remained at a high level until delivery to market in the retarded growth calves. As their growth performance was improved, there was an increase in the market prices for calves with sugar supplementation compared with intact retarded growth calves without sugar supplementation. Therefore, it would be preferable to feed sugar to retarded growth calves for the purpose of promoting early development in rumen fermentation. Although further research on rumen dynamics in calves is necessary, the present sugar supplementation program would improve growth performance in retarded growth calves unless they have no endocrine and/or genetic abnormality and improve calf herd production, which eventually contributes to individual farm enterprises. Mean  SD a) The sugar supplemented calves, except for those in L-L-L, exhibited higher body weights than intact retarded growth calves (DG<0.7 kg/d); however, these retarded calves finished with lower body weights than the market average.
-: No calves.
